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Summary
CD4 and CD8 have been useful surface markers for a/R T cell maturation. In an a/(3 T cell
receptor (TCR) transgenic SCID mice system, it has been shown that a/0 TCR alone is sufficient
to induce CD4 and CD8 surface expression on thymic T cells. Although the late embryonic
thymic y/b T cells are predominately single and double positive, it has not been clear ify/b
TCR has a similar capacity. In this study, we show that when transgenes encoding the earliest
embryonic y/b TCR are coexpressed with the SCID defect, the y/b transgenes promote the
appearance of both the CD4 - 8 - and CD4+8+ T cells in the thymus. Furthermore, the
expression of CD4 and CD8 does not require continuous surface y/b TCR expression. These
results indicate thaty/bTCR alone can promote the CD4/8 surface expression, and may suggest
a role for y/b T cells in initiating normal thymic ontogeny.
T
here are two major types ofTCR-bearing T cells in ver-
tebrate animals: a/g T cells and -y/b T cells (1-3). In
the thymus of adult animals, most of the a/(3 cells are be-
lieved to be derived from double-negative (CD4 - 8 -) pre-
cursor populations, and differentiate through the double-
positive (CD4+8+) stages where various selective events
occur. They then downregulate either the CD4 or CD8 sur-
face markers and become mature single-positive (CD4+8 -
or CD4 - 8+) cells (4-10). Unlike a/a T cells, the adult
thymic y/b T cells are almost all double negative (CD4 -
8 - ). Although earlier works also implied that fetal y/b
thymorytes are CD4 - 8 - (11, 12), Itohara et al. (13) showed
that through late embryonic life and persistent until 1 wk
after birth, the major thymic y/b T cellsare both single posi-
tive and double positive. While it is clear, that ado TCR
alone can induce the surface expression of CD4 and CD8
(14), it has not been shown whether y/b TCRs have the same
capacity. Instead, recent experiments (15) raise the possibility
that these CD4 and CD8 expressed on the late embryonic
-y/b T cells may be induced by a/o T cells. Another possi-
bility is that these surface CD4, CD8 expressions on y/b
T cells were induced by cytoplasmic functional alai TCRs.
We have shown that transgenes encoded the earliest -y/b TCR
can be expressed on the surface of thymic double-positive as
well as double-negative cells (16) . In this study, we further
demonstrated that when the transgenes are coexpressed with
the SCID mouse defect, they/b transgene promotes the ap-
pearance of both CD4 - 8 - and CD4+8+ cells. In addition,
the expression of CD4 and CD8 does not require surface -y/b
TCR expression. These results indicate that y/b TCR alone
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can promote the appearance of CD4 and CD8 on thymo-
cytes, and may suggest a role for -y/b T cells in initiating
normal thymic ontogeny.
Materials and Methods
Animals.
￿
C3H/HeJ mice were purchased from The Jackson
Laboratory (Bar Harbor, ME) and maintained in our animal fa-
cility. CB.17 Icr SCID mice were purchased from the Department
of Radiation Biology, Stanford University.
Staining Reagents.
￿
The following reagents were used in this
study. mAbs: anti-mouse V,.3 (536) (17), anti-mouse CD3 e
chain (500A2) (18), anti-mouse CD4 (PE-conjugated GK1.5)
(Becton Dickinson & Co., Mountain View, CA), anti-mouse CD8
(FITC or biotin-conjugated 53-6.7) (Becton Dickinson & Co.).
Others include goat anti-hamster antiserum (Texas Red [TR] con-
jugated) (Capped Laboratories, Malvern, PA), goat anti-mouse IgG
(allphycocyanin [APC] conjugated) (Bio Meda, Foster City, CA),
TR-conjugated avidin (Capped Laboratories), APC-conjugated
avidin (Bio Meda) normal hamster IgG (Capped Laboratories), goat
anti-rat IgG TR conjugated (Caltag, South San Francisco, CA).
TCR Constructs and Transgenic Mice.
￿
The functional y and S
chain constructs represented those isolated from the Thy-1+ dEC
clone 717 (19). The y chain construct contains an EcoRl fragment
with the rearranged V.,3J.,1C.,1 gene isolated from a phagelibrary
derived from the clone 717. The S chain construct contains a Clal
fragment with the V61Da2 J62 sequence from a cosmid library.
The generationofthe constructsandtransgenic mouseline C3H(T)
from C3H/HeJ that expresses the transgenic y/b TCR on T cell
surface are described in detail elsewhere (16).
FACS®Analysis.
￿
For FRCS®analysis (Becton Dickinson & Co.,
Mountain View, CA), single cell suspensions of thymorytes were
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scribed in the legend to Fig . 2 . Data analysis was performed on
30,000-50,000 cells after proper size gatingusing theFRCS®/DESK
Program (Department of Genetics, Stanford University) .
SCID Mouse Screening .
￿
y/6SCID mice were producedby back-
crossing (C3H(T) x CB17 Icr SCID)F, mice with CB17 Icr
SCID (20) . The mice were screened by ELISA for their serumIgM
level using goat anti-mouse IgG (Sigma Chemical Co., St . Louis,
MO)-coated plates and alkaline phosphatase-conjugated goat
anti-mouse IgM (A . chain specific, Sigma Chemical Co .) .
Results and Discussion
Rearranged y and 6 chains genes with TCR coding se-
quences typical of those found in the earliest fetal thymo-
cytes and adult dendritic epidermal cells (19) (Fig. 1) were
co-introduced into the germline ofC3H/HeJ mice. Cell sur-
face expression of the transgene was determined by FACS®
analysis with a mAb (536) reactive to Vy3 (17) . The trans-
genic y and S chains cosegregate in all lineages (data not
shown) . Two independent lines showing transgene expres-
sion inT cells were obtained, but only the experimental results
from one is reported in detail (16) .
In the adult transgenic thymus, the CD4/CD8 staining
pattern is very similar to that of nontransgenic littermates.
The transgene-encoded y chain, and thus, presumably, the
heterodimer, are expressed on all double-negative (CD4 - 8 - )
cells . 30% of the double-positive (CD4+8+) cells also ex-
press only the transgenes (Fig . 2) . This is not entirely unex-
pected, because although normal adult thymic y/6 T cells
are CD4- 8- , >35% of the late fetal y/6 T cells are
CD4+8+ (13) . One possibility is that these CD4, CD8 an-
tigens expressed on the double-positive y/6 cells are induced
by the endogenous a//3 TCR, as it has been shown that a//3
TCR alone can induce CD4 and CD8 surface expression on
thymic T cells (14) . Alternatively, they can be induced by
cx/O T cells (15) . To clarify this issue, we decided to express
the y/6 transgenes on aSCID mouse background. TheSCID
mouse has defect(s) in Ig and TCR gene assembly, and there-
fore cannot produce functional Ig or TCR gene products.
Because theSCID defect is recessive,we first crossed the trans-
genic mouse line C3H(T) with SCID, then backcrossed the
Fl mice to SCID and analyzed only the progeny that were
Figure 1 .
￿
TCR y and 6 gene chain constructs. Maps of the rearranged
TCR y and 6 chain gene from Thy-1+ dEC clone 717 used for the gener-
ation of transgenic mice (16) .
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Figure 2 .
￿
CD3 and Vy3 expression in CD4-8- , CD4+8+ transgenic
thymic subpopulations. Total thymocytes C3H(T) transgenic mice were
stained as follows. Cells were first incubatedwith anti-CD3 antibody (500
A-2), followed by Texas Red (TR)-conjugated goat anti-hamster IgG
(Caltag) . Residual binding sites on anti-hamster antibody were saturated
by incubation with 100,ug/ml hamster IgG (Cappel Laboratories) . After
washing, cells were further stained with FITC-conjugated 536 (antiVy3),
biotin-conjugated anti-CD8, and PE-conjugated anti-CD4 . APC-
conjugated avidin wasadded at the end. The thymic populationwas divided
into four subgroupsaccording to surfaceCD4,CD8 expression . The 500A2
(y-axis) vs . 536 (x-axis) expression of the two subgroups (CD4-8 - ,
CD4+8+) is presented . Similar results have been observed in at least three
independent experiments.
transgene positive and homozygous for the SCID defect (as
assayed by low serum Ig levels) .
Introducing this pair of y/6 TCR genes into SCID mice
restores the size of SCID thymus. This is largely, but not
exclusively, due to the generation of surface y/6-positive cells.
The total number of thymocytes in these y/6 SCID mice
is 10-30 times greater than that in the SCID mice . About
75% of the cells express the transgenic y/6 TCR . There
are three major types of thymocytes as defined by surface
CD4 CD8 expression (Fig . 3 A) ; CD4+8+, CD41°8+, and
CD4 - 8 - . They represent 50%, 10%, and 40% of the total
thymocytes, respectively. Transgene-positive cells can be found
in all these compartments (Fig. 3 B) . In they/6 SCID thymus,
no single-positive (CD4+8- , or CD4 - 8+) cells were
present . This is consistent with the supposition that these
cells are composed mainly of positively selected a/a T cells.
While the number of thymocytes in they/b SCID mouse
is similar to that of a normal mouse, the peripheral lymphoid
organs remain underdeveloped . This is also consistent with
the idea that most of the T cells in these organs are ot/(3
T cells . The lymph node y/6 T cells in the y/6 transgenic
mice as well as in the y/6 SCID mice are all CD4- 8 - . Our
results show that a rearranged TCR a or TCR R gene is
not a prerequisite for CD4/CD8 expression, and that y/6
TCR alone can induce the expression of CD4 and CD8 on
thymic T cells .
In a normal adult mouse thymus, at least 40% of the
CD4+8+ cells do not show surface TCR expression (17) .
However, in either cc/(3 TCR transgenics (21-23) or cxlo
TCR/SCID mice (14), these TCR-CD4+8+ cells are not
generally observed . Instead, all the CD4+8+ cells in those
systems express only the transgenes . In our y/6 transgenicsFigure 3.
￿
Expression of(A) CD4/CD8 and (B) TCR on the surface of y/S SCID mouse thymocytes . Thymocytes from y/S SCID transgenic mouse
derived from backcrossing C3H(T) x CB17 Icr SCIDFI into CB17 Icr SCID were stained with anti-CD4, anti-CD8, anti-CD3, and antiV,3, and
analyzed as described in Fig. 2. The thymic CD4 CD8 staining pattern is shown in (A) . The anti-CD3 (500A-2) vs. antiV73 (536) expression of
all three subgroups, as defined in A, is shown. All tested mice showed identical phenotype, and the representative pattern is shown in B.
and y/6 SCID mice system, -60% of the CD4+8+ thymo-
cytes are TCR", a situation similar to that observed for
normal mouse, again reinforcing the idea that the expression
of surface CD4 and CD8 does not require persistent surface
TCR expression. The fact that not all of the CD4+8+ cells
express the transgenic y/6 TCR raises the possibility that
some of these cells are strictly in the a/(3 lineage and thus
for some reason cannot support y/6 TCR surface expression .
Recently, Shores et al. (15) transferred normal mouse bone
marrow cells to SCID mouse, and observed the appearance
of TCR-CD4+8+ and CD4-8+ cells that are of SCID
origin . They postulate that the expression of the CD4,CD8
antigens on these cells is induced by the TCR+ bone
marrow-derived cells, and speculate that during fetal ontogeny,
References
similar mechanisms may perpetuate the generation of
CD4+8+ x/)3 lineage cells. While in their experimental
system most of the bone marrow-derived cells are cx/(3
TCR+, they suggest that during fetal ontogeny, the pro-
posed "inducers" might be CD4 - 8 - y/6 T cells .
In our y/6 SCID system, we do not know if the cell sur-
face CD4/CD8 expression is induced by the y/& transgenes
within the cell, or if they were induced by other cells that
express surface y/6TCR . Nevertheless, our data indicate that
the -y/6 TCR derived from d15 fetal Tymocytes can pro-
mote the entry of immature CD4 - 8 - cells into the
CD4+8+ compartment and thus provide useful experimental
system for dissecting this process.
We thank S. Eriksson for technical assistance, and B. E. Robertson for preparation of the manuscript .
This work was supported in part by the National Institutes of Health and the Howard Hughes Medical
Institute . M . Iwashima was supported in part by a fellowship from the Fulbright Foundation .
Address correspondence to Yueh-hsiu Chien, Department of Microbiology and Immunology, Stanford
University School of Medicine, Stanford, CA 94305. M . Iwashima's current address is Department of
Medicine, Howard Hughes Medical Institute, University of California, San Francisco, CA 94143 .
Received for publication I November 1990 and in revisedform 26 February 1991.
1 . Kronenberg, M ., G. Siu, L.E . Hood, and N . Shastri . 1986 .
The moleculargenetics oftheT cell antigen receptor and Tcell
antigen recognition . Annu . Rex Immunol. 4:529.
2 . Davis,M.M ., and P .J . Bjorkman . 1988 . T-cel l antigen receptor
genes and Tcell recognition . Nature (Lon4 334:395 .
3 . Raulet, D.H. 1989. The structure, function and molecular
genetics ofthe y/6T cell receptor. Annu. Rev. Immunol. 7:175 .
4 . Marrack, P., andJ . Kappler. 1987. The Tcell receptor. Science
295 Iwashima et al.
￿
Brief Definitive Report
(Wash. DC). 238:1073 .
5 . Sprent, J., D. Lo, E.-K . Gao, andY . Ron . 1988 . Tcell selec-
tion in the thymus. Immunol. Rev . 101:173 .
6 . Schwartz, R.H . 1989 . Acquisition of immunologic self-
tolerance. Cell. 57:1073 .
7 . Adkins, B., C. Mueller, C . Okada, R . Reichert, I.L . Weissman,
and G .J. Sprangrude. 1987. Early events in Tcell maturation .
Annu. Rev . Immunol. 5 :325 .8. Fowlkes, B.J., R.H. Schwarz, andD.M. Pardoll. 1988. Dele-
tionof self-reactive thymocytes occurs at a CD4' 8' precursor
stage. Nature (Lon4 335:174.
9. Guidos, CJ., I.L. Weissman, andB. Adkins. 1989. Intrathymic
maturation of murine T lymphocytes from CD8' precursors.
Proc Nad. Acad. Sci. USA. 86:7542.
10. Guidos, CJ., J.S. Danska, C.G. Fathman, andI.L. Weissman.
1990. T cell receptor-mediated negative selection of autoreac-
tive T lymphocyte precursors occurs aftercommitment to the
CD4 or CD8 lineages.J. Exp. Med. 172:835.
11 . Bluestone, J.A., D. Pardoll, S.O. Sharrow, and B.J. Fowlkes.
1987. Characterization of murine thymocytes with CD3-
associated T cell receptor structures. Nature (Lond.). 326:82.
12. Pardoll, D.M., B.J. Fowlkes, J.A. Bluestone, A. Kruisbeck,
WL. Maloy, J.E. Coligan, andR.H.Schwarz. 1987. Differen-
tial expression of twodistinct T cell receptorsduring thymo-
cyte development. Nature (Lond.). 326:79.
13. Itohara, S., N. Nakanishi, O. Kawagawa, R. Kubo, and S.
Tonegawa. 1989. Monoclonal antibodies specific to native ma-
rine Tcell receptor gd: analysis of -yb T cells during thymic
ontogeny andin peripheral lymphoid organs. Proc Nad. Acad.
Sci. USA. 86:5094.
14. Scott, B., H. Bluthmann, H.S.Teh, andH. vonBoehmer. 1989.
The generation of mature T cells require interaction of aß
Tcellreceptor with majorhistocompatibility antigens. Nature
(Lond.). 338:591.
15. Shores, EW, S.O. Sharrow, I. Uppenkamp, and A. Singer.
1990. T cell receptor-negative thymocytes from SCID mice
canbe induced to entertheCD4/CD8differentiation pathway.
Eur. J. Immunol. 20:69.
16. Iwashima, M., A. Green, M. Bonyhadi, M. Davis, J. Allison,
296 .y/S T Cell Receptor Heterodimer Induces CD4 and CD8
andY.-h. Chien. 1991. Expression of a fetal-ybT cell receptor
in adult mice triggers a non-MHC-linked form of selective
depletion. Int. Immunol. 3:385.
17. Havran, WL., and J.P. Allison. 1988. Developmentally or-
dered appearance of thymocytes expressing different Tcell an-
tigen receptors. Nature (Lond.). 335:443.
18. Havran,WL., M.Poenie, J. Kimura, R. Tsien, A. Weiss, and
J.P. Allison. 1987. Expression and function of the CD3/an-
tigen receptor on murine CD4'8' thymocytes. Nature
(Lon4 330:170.
19. Asarnow, D.M., WA. Kuziel, M. Bonyhadi, R.E. Tigelaar,
P.W. Tucker, and J.P. Allison. 1988. Limited diversity of -yb
antigen receptor genes on Thy1' dendritic epidermal cells.
Cell. 55 :837.
20. Bosma, G.C., P.R. Custer, andM.Bosma.1983.Asevere com-
binedimmunodeficiency mutation in themouse. Nature (Land.).
301:527.
21 . Sha, WC., C.A. Nelson, R.D. Newberry, D.M. Kranz, J.H.
Russell, and DY Loh. 1988. Selectiveexpression of an antigen
receptor on C138-bearing T lymphocytes in transgenic mice.
Nature (Land.). 335:271.
22. Teh, H.S., P. Kisielow, B. Scott, H. Kishi, Y Uematsu, H.
Bluthmann, and H. von Boehmer. 1988. Thymic major
histocompatibility complexantigens andtheaß Tcellreceptor
determinetheCD4/CD8phenotypeof T -cells. Nature (Lond.).
335:229.
23 . Berg, L.J., A.M. Pullen, B. Fazekas de St. Groth, D. Mathis,
C. Benoist, and M.M. Davis. 1989. Antigen/MHC-specific
Tcellsarepreferentially exported from the thymus in thepres-
ence of their MHC ligand. Cell. 58:1035.